Abstract -The chromosome complement of reconstructed barley karyotype PK 88 was analyzed by computer-aided Chromosome Image Analysis System (CHIAS). Fine mapping of Giemsa N-bands and regions with increased meiotic recombination activity along each individual chromosome was achieved. It was also found that CHIAS-visualized condensation profiles can be utilized as a reliable criterion for subtle differentiation of hetero-and euchromatin domains within a defined chromosomal regions. Application of CHIAS on karyotypes with distinct chromosome morphology was found to be an appropriate and reliable tool for screening of changes in chromatin compactness and its functional characteristics.
INTRODUCTION
Automated chromosome analyses have been initially implemented in order to improve the accuracy and speed of karyotyping in mammalian cells (CASTELMAN and MELNYK 1976) . The concomitant development of microelectronics and relevant software enabled the design of a computer-based chromosome image analyses system (CHIAS). In plants this approach was initially utilized for scanning of rye metaphase chromosomes (FUKUI 1986) . Barley chromosomal complement was used to reveal the applicability of CHIAS for standardization of karyotyping and for screening of in situ hybridization (FUKUI 1988) . The utility of chromosome imaging technique in cultured cells and plants treated with radiation or chemical mutagens was envisaged.
CHIAS was proposed as a tool for investigation of the density characteristics of individual plant chromosomes (FUKUI and MUKAI 1988; NAKAYAMA and FUKUI 1997; KATO and FUKUI 1998) .
Condensation pattern of chromosomes was also found to be an essential factor for intrachromosomal distribution of chromosomal alterations in mammalian genome. It was shown that condensed chromatin appears to be more resistant to radiation-induced damage than uncondensed one in CHO cells (SLIJEPCEVICH and NATARAJAN 1994) . Clear indication was provided that chromosomes with high gene density are preferentially repaired in human cells (SUR-RALLES et al. 1997) . At present the link between chromatin structure, DNA repair and chromosome fragility is widely accepted (SURRALLES et al. 1998) .
Position of the Giemsa bands is thought to be informative for the intrachromosomal distri-bution of constitutive chromatin domains, generally considered as inert genomic regions. Since recombination hot-spots are known to represent islands of high gene density in barley and wheat (KUNZEL et al. 2000) , the comparison of intrachromosomal distribution of both of these parameters with the respective densitometric profiles is supposed to highlight the link between chromatin structure and function in a specific chromosomal segments. On the other hand knowledge of the precise condensation patterns of individual chromosomes might help to substantiate the influence of chromatin organization on differential mutation induction. Based on this assumption we applied CHIAS for precise mapping of Giemsa bands and regions with high meiotic recombination activity in barley karyotype PK88 in order to find out whether and how their distribution matches with the respective condensation patterns of each individual chromosome.
MATERIALS AND METHODS

Plant material
Multireconstructed barley karyotype PK-88 synthesized via irradiation and intercross methods was utilized throughout. The karyotype contains translocations between chromosomes 1 and 2, 3 and 4, 5 and 7 as well as pericentric inversion within chromosome 6 (GECHEFF 1989).
Cytological preparations
After soaking of the seeds for 1 hr in tap water they were grown on a moist filter paper in the dark at 24 o C until the root tips reached about 1,5 cm length. Accumulation of the metaphases was achieved either by treatment with 0.025% colchicine saturated with alpha-bromonaphtalene or by exposure to ice-cold water overnight. The material was fixed in ethanol:acetic acid (3:1, v/v). Squashes were made by squeezing of the root meristematic cells in a drop of 45% acetic acid on a slide surface and brief heating. The coverslips were removed by liquid nitrogen and the slides were dried for one week. Staining of the material was performed by conventional Feulgen method, including hydrolysis for 7 min in 1N HCL at 60 o C. The slides were subjected, after staining, to three 10 min washes SO 2 water prior dehydration and made permanent by mounting in DPX (Fluka). 50 metaphase spreads per variant were selected for further analyses, derived from at least 5 individual slides.
Karyomorphometry and densitometric profiles
Slides were analysed according to VENORA et al. (1991) . Karyotype morphometry was assessed by the automated image analysis system IKAROS 3.40 (Metasystem) software package. On the kariograms obtained by IKAROS after rectification, using KS400 software, a mid-rib line of a chromatid was also interactively drawn. The density distribution along the chromatid was displayed on the monitor. Sequential data of the grey values of the pixels were recorded and were subjected to the further statistical treatment (mean and Standard deviation). (FUKUI and IIJIMA 1991; FUKUI 1992; KATO and FUKUI 1998; KTOSERUBA et al. 2000) .
Intrachromosomal distribution of recombination hotspots and Giemsa bands
Distribution pattern of recombination hot spots and Giemsa bands was viewed by subdividing of the whole genome into 1000 units or miligenomes (KUN-ZEL et al. 2000) . Localization of chromosomal regions with high meiotic recombination activity (<1.0 Mb/cM) was derived from the published pattern of the normal barley karyotype (KUNZEL et al. 2000) and recalculated according to the values obtained by CHIAS. Specific distribution of Giemsa N-bands within PK88 was based on the previous data of GECH- EFF (1989) and also rearranged according to the CHIAS measurement of the respective chromosomal entities. The designation of chromosomes follows the Triticeae nomenclature for barley (LINDE-LAURSEN et al. 1995) . Resulting images were created in CorrelDraw and combined there with the CHIAS-based densitometric profiles in a comparative manner. SCOTT and KNOTT (1974) .
RESULTS AND DISCUSSION
Results obtained after CHIAS analyses of the chromosomal complement of karyotype PK 88 are summarized in Table 1 . The data are averaged values calculated from measurement of at least 10 metaphase plate per each chromosomes pair. Based on the respective morphometric indexes idiogrammatic representation of the haploid chromosomal network was created (Fig. 1) . The overall karyotype morphology displays the same characteristics as those resulting from the previously applied conventional N-banding technique (GECHEFF 1989) . Such an appearance is a confirmation of the unique morphological features of karyotype PK 88 and its potential for precise cytological marking.
By it vary nature CHIAS-based study of the chromosomal network is supposed to be an adequate tool for density characterization of specific chromosomal regions. To reveal this potential we utilized CHIAS for comparison of the overall densitometric profiles with the longitudinal distribution of recombination hot-spots and Giemsa Nbands along the individual chromosomal entities (Fig. 2) . From the spatial representation of the chromosome images it is evident that standard Feulgen staining generates discernible density characteristics of the defined chromosomal domains and could successfully complement conventional Giemsa one applied previously for the same purposes (FUKUI and KATO 1998) . The corresponding densitometric profiles reflect the density distribution along the chromatid, visualizing both the general condensation patterns and local fluctuation in the chromatin compactness. It is important to mention that from the plotted density distributions the borders of condensed and dispersed regions within each chromosome became easily distinguishable.
Based on CHIAS-obtained numerical data the respective chromosome images of individual chromosomes visualizing the subtle location of Giemsa N-bands and recombination hot-spots in miligenomes were interactively drawn based on the scale utilized for densitometric profiles. In general the distribution of Giemsa-bands appears to follow the condensation patterns of individual chromosomal arms, namely their location as a whole coincides with the chromosome stretches of high chromatin density. As expected, centromeric and nucleolus organizer regions appeared to be sites of the lowest chromatin condensation. Giemsa-stained regions of the genome are denoted as heterochromatic ones and the observed correlations make CHIAS an adequate tool for screening of both inert and active genomic regions. The validity of this statement was supported also from the fact that recombination hot-spots were obviously found to reside in chromosomal segments with low density characteristics, presumably euchromatic ones. It might be assumed that joint application of CHIAS and karyotypes with suitable chromosomal constitution increases substantially the resolution power of the automated chromosome image analyses.
According to the observed relationships it is tempting to speculate that a number of parameters characterizing local chromosome architecture might became accessible by our experimental approach. Heterochromatin appearance is thought to represent a specific kind of chromatin packaging required for gene inactivation (HENNING 1999) . It was also shown that maize genes behave as recombination hot-spots (DOONER and MAR- TINEZ-FEREZ 1997) . Thus condensation patterns of chromosomes obtained by CHIAS can be utilized as a reliable complement to FISH-based gene mapping in plants. Dispersion of repetitive DNA along the chromosomes could be also visualized. On the other hand studies on the specific appearance of plant chromosomes after in situ treatment with restriction endonucleases (FREDIANI et al. 1987; SCHUBERT et al. 1990 ) might benefit substantially from CHIAS application. In this respect CHIAS-based fine mapping of chromatin domains is expected to be relevant approach for our con- Figs. 2a-g -In each photo the upper part is reported the intrachromosomal distribution of recombination hot-spots and Giemsa N-bands versus condensation patterns of PK 88 individual chromosomes. Positioning of the regions with high recombination activity (<1.0 MB/cM as identified by KUENZEL et al., 2000) is denoted in squared regions and black regions are representative for Giemsa N-bands, heterochromatic regions; Cen: centromeric regions; NOR: nucleolus organizer regions. In the lower part the Feulgen stained chromosome and the densitometric profile are reported: the horizontal axis indicates the grey value, the vertical represents the number of pixels from the end of the short arm to the terminal of long arm. tiguous studies onwards to reveal intrachromosomal distribution of DNaseI-sensitive regions and mutation hot-spots resulting from treatment with various clastogenic agents in barley genome.
